INTRODUCTION
Superficial bacterial skin infections, specifically caused by Staphylococcus aureus and Streptococcus pyogenes, have been commonly managed with topical antibiotics such as fusidic acid and mupirocin in Korea. And, retapamulin has also become available in this country from July 2011, as an additional topical antibiotic agent for the short-term treatment of several types of superficial skin infections. Retapamulin is an antibacterial agent with a novel structure and a distinct mode of action. It was classified as a member of a new chemical class of antibacterial agents for human use known as pleuromutilins, which became the first drug of the pleuromutilin class to be registered anywhere in the world for human use. A semisynthetic derivative of the compound pleuromutilin, which is isolated through fermentation from the fungus Clitopilus passeckerianus, selectively inhibits bacterial protein synthesis by interacting with the 50s subunit of the bacterial ribosome in a novel manner 1, 2 .
It has been consistently said that retapamulin showed an excellent in vitro activity against Gram-positive bacteria, commonly associated with skin infections, and a low tendency of resistance in vitro, which suggests that drug resistance would not easily develop during the administration of topical retapamulin 3 .
The objective of this study was to explore adverse events (AEs) of topical retapamulin, including drug effectiveness, in Korean patients with superficial skin infections as per the requirement of Korean Ministry of Food and Drug Safety (MFDS). This would be the first report to publish the real-world therapeutic profile of retapamulin in Korea, especially based on the data collected from a large population more than 3,000 Korean patients.
MATERIALS AND METHODS
With the approval of topical retapamulin ointment in 2011, it was officially required to conduct a post-marketing surveillance (PMS) study to obtain further data of its safety profile and effectiveness, in accordance with the requirement of MFDS as a condition of market authorization in Korea. This PMS study for a topical retapamulin (protocol 115579, funded by GlaxoSmithKline Korea and registered on ClinicalTrials.gov as NCT01445600) was conducted as an open label, multicenter, and non-interventional observational research. And, in compliance with the requirements of the Korean MFDS, a minimum of 3,000 subjects should be enrolled for this PMS study. Study information was gathered as a part of routine clinical monitoring of subjects and collected in a standardized electronic case report form. The institutional review boards approved the study protocol.
Inclusion criteria
All subjects must satisfy the following criteria at study entry. 1) Subjects topically administered with a topical retapamulin for a short-term treatment of following superficial skin infections: impetigo and infected small lacerations, abrasions or sutured wounds. 2) Subjects who the investigator believes that they can manage as per the requirements of the protocol and the administration regimen.
3) Subjects administered with a topical retapamulin following the locally approved prescribing information accordingly.
Exclusion criteria
1) Subjects with a known or suspected hypersensitivity to retapamulin or any component of the ointment. 2) Infants under nine months of age.
Definitions
An AE, coded based on World Health Organization Adverse Reactions Terminology 092 (WHO-ART 092), was defined as any untoward medical occurrence in a subject temporally associated with the use of a topical retapamulin, regardless of its correlation with the medicinal product 4 . Serious AE (SAE) is any untoward following medical occurrence at any dose; 1) death, 2) life-threatening, 3) inpatient hospitalization or prolongation of existing hospitalization, 4) persistent or significant disability/incapacity, or 5) is a congenital anomaly/birth defect. An adverse drug reaction (ADR) was defined as all noxious and unintended responses related to a topical retapamulin. Physicians classified the relatedness into 6 categories; "certain," "probable/likely," "possible," "unlikely," "conditional/unclassified," and "unassessable/unclassifiable." If the causality between a topical retapamulin and an AE is considered "certain," "probable/likely," "possible," "conditional/unclassified," or "unassessable/unclassifiable," this AE was classified as an ADR.
Study endpoints and statistical considerations
The primary endpoint was occurrence rates of AEs after the administration of topical retapamulin. And a secondary endpoint specifically included occurrence rates of either unexpected or SAEs during the treatment using a topical retapamulin. And effectiveness of a topical retapamulin was assessed by reviewing clinical signs and symptoms at the end of therapy evaluation, which was also regarded as an additional secondary endpoint.
The clinical outcome and treatment response was assigned for each subject. The effectiveness of a topical retapamulin was evaluated as follows: 1) total absence of the treated lesions, 2) the treated lesions have become dry without crusts compared to baseline, 3) improvement (defined as a decline in the size of the affected area, number of lesions or both) such that no further antimicrobial therapy is necessary. Statistical analysis for this study was designed to descriptively interpret the data, which quantitatively describe or summarize features of a collection of information, not to test any statistical hypothesis. Values are presented as number only, mean±standard deviation, or number (%).
RESULTS

Demographics and baseline characteristics
A total of 3,612 subjects were initially enrolled into this PMS study. But, finally 3,594 subjects were selected for safety evaluation, except information of the other 18 subjects that were found to be improperly handled. 
Overall incidence of adverse events and adverse drug reactions
During the study period, the incidence of AEs and ADRs was 2.53% (91/3,594 subjects, 125 events) and 0.97% (35/3,594 subjects, 53 events), respectively. And the symptom, 'Pruritus', ranked both the most common AE (0.33%, 12/3,594 subjects, 12 events) and the most common ADR (0.19%, 7/3,594 subjects, 7 events).
The incidence of unexpected AEs and unexpected ADRs was 1.45% (52/3,594 subjects, 68 events) and 0.33% (12/3,594 subjects, 22 events), respectively. 'Pain' and 'Constipation' (0.08%, 3/3,594 subjects, 3 events) were the most common unexpected AEs. While 'Skin disorder,' 'Oedema,' 'Temperature changed sensation,' and 'Pustular rash' (0.06%, 2/3,594 subjects, 2 events) were the most common unexpected ADRs. The incidence of SAEs was 0.28% (10/3,594 subjects, 10 events), whereas no serious ADRs (SADRs) was officially reported. The most common SAE was 'Exacerbation of disease' (0.06%, 2/3,594 subjects, 2 events).
Adverse events and adverse drug reactions
A total of 125 AEs were reported by 91 subjects (incidence=2.53%). Among the patients with these AEs, skin and appendages disorders were reported as follows: 12 cases of pruritus, 5 cases of erythema, 3 cases of eczema, 2 cases of bullous eruption, and 2 cases of skin disorders. And they also showed symptoms such as papular rash, urticaria, increased sweating, maculo-papular rash, rash, verruca, acne, otitis externa, contact dermatitis, skin ulceration, and dermatitis in a duplicate manner.
Otherwise, a total of 53 ADRs were reported by 35 subjects (incidence=0.97%). And, specifically, skin and appendages disorders consisted of 7 cases of pruritus, 3 cases of erythema, 3 cases of eczema, 1 case of bullous eruption, 2 cases of skin disorder, 1 case of papular rash, 1 case of increased sweating, 1 case of otitis externa, and 1 case of skin ulceration. Other AEs and ADRs, except pruritus (12 subjects) and application site pruritus/irritation (8/9 subjects), were experienced by less than 5 subjects (Table 2) .
Unexpected adverse event and adverse drug reaction
A total of 68 unexpected AEs were collected in 52 subjects (incidence=1.45%). Specifically, 2 cases of bullous eruption and 2 cases of skin disorders were recorded as a category of skin and appendages disorders. Additionally, papular rash, urticarial, increased sweating, maculo-papular rash, rash, verruca, acne, otitis externa, skin ulceration, and dermatitis were also observed among these patients in a duplicate manner. However, a total of 22 unexpected ADRs were recorded for 12 subjects (incidence=0.33%). And only 7 cases related to skin and appendages disorders (bullous eruption, skin disorder, papular rash, increased sweating, otitis externa, and skin ulceration) were reported for 6 subjects as ADRs. In terms of application site disorders, only 1 case was reported for 1 subject (Table 3) . Coding dictionary: WHO-ART 092. In case of "n=1", incidence rate was calculated at the 95% confidence level and was rounded off to the nearest tenth. AEs: adverse events, ADR: adverse drug reaction, CI: confidence interval, NOS: not otherwise specified.
Serious adverse events and serious adverse drug reaction
All kinds of SAEs were collected regardless of causal relationship between SAEs and a topical retapamulin. And, these SAEs were reported immediately after the recognition as per the guideline of Korea Institute of Drug Safety & Risk Management. During the study, total 10 cases of SAEs were collected from 10 subjects (0.28%). However, none of them was officially reported as an SADR during this PMS activity (Table 4) .
Effectiveness of retapamulin treatment
The effectiveness of retapamulin was assessed by comparing pre-and post-treatment states as a clinical evidence of the symptom improvement. 'Clinical improvement' was regarded as effective, and in terms of 'Clinical failure,' ineffective. The effectiveness rate was 96.1% (1,697 of total 1,765 subjects).
DISCUSSION
Recently new drugs from natural products and their semi-synthetic derivatives are expected to play an important role as an alternative to other antibacterial agents that have been used for the treatment of skin and skin structure infections (SSSIs) 5 . Pleuromutilins were first discovered in 1950s and have been usually applied per os in veterinary medicine since 1979 (tiamulin, valnemulin) in some European countries. The structural nature of these compounds led to the beginning for the development of Coding dictionary: WHO-ART 092. In case of "n=1", incidence rate was calculated at the 95% confidence level and was rounded off to the nearest tenth. AEs: adverse events, ADR: adverse drug reaction, CI: confidence interval, NOS: not otherwise specified. Coding dictionary: WHO-ART 092. In case of "n=1", incidence rate was calculated at the 95% confidence level and was rounded off to the nearest tenth. SAEs: serious adverse events, SADR: serious adverse drug reaction, CI: confidence interval, AEs: adverse events.
this molecular class as an important antimicrobial drug 6 .
And, retapamulin was the first pleuromutilin that was approved for the human body (2007, Europe; 2008, USA) 7 .
Retapamulin is a semi-synthetic pleuromutilin derivative as an antimicrobial agent against common Gram-positive pathogens in human associated with SSSIs 3,7-9 . Based on this specific characteristics, retapamulin can be an adequate topical agent for the treatment of uncomplicated It is the brief explanation of mechanism of action which retapamulin shows a bacteriostatic action against S. aureus and S. pyogenes in the human body. Retapamulin, a semi synthetic pleuromutilin antibiotic agent, inhibits protein synthesis by the interaction with 50S prokaryotic ribosomal unit. This site of retapamulin interaction is quite different from those of other antibiotics 11 . Pleuromutilins do not bind to eukaryotic ribosomes and do not also inhibit mammalian protein synthesis 7, 12 .
Uncomplicated SSSIs (uSSSIs), such as secondarily infected traumatic lesions (SITLs) and impetigo, are common clinical conditions frequently caused by S. aureus and S. pyogenes [13] [14] [15] . In Korea the approved-indications of retapamulin have covered uSSSIs as follows: primary impetigo, SITLs (small lacerations, abrasions, sutured wounds), and secondarily infected dermatoses (infected psoriasis, infected atopic dermatitis, and infected contact dermatitis). The recommended dose is a thin layer of ointment, twice a day for five days. Even though systemic exposure following application into intact skin is generally very low, detectable concentrations were observed in 69% of babies aged 2 to 9 months 16 . Retapamulin is, therefore, contraindicated in babies under nine months. As this drug is metabolized by cytochrome P450 (CYP) 3A4, inhibitors of this enzyme such as ketoconazole may increase retapamulin exposure in children under two years. The efficacy of retapamulin 1% ointment in patients aged nine months and older has been studied in several phase III trials 1, [17] [18] [19] [20] . Furthermore, retapamulin was usually recommended not to be used to treat abscesses or cellulitis and not be applied to mucosal membranes or eyes 5 .
Topical antibiotics are usually preferred over oral agents for the treatment of suitable uSSSIs because of their lower potential for systemic adverse effects and avoidance of resistance selection in the gut flora 21 . However, when prescribing antibiotics for skin infections, geographical variations in antibiotic susceptibility should be taken into account. The understand of local and regional variability in antimicrobial resistance rates is vitally important to determine appropriate and effective empiric treatment options. This understanding should be also applied to topical antimicrobial agents, which have been extensively used for both therapeutic and decontaminating purposes 22 . Currently the most commonly prescribed and/or used topical antibiotics in Korea are fusidic acid and mupirocin. But, staphylococci are often resistant to both of topical agents. It was reported that the resistance rate of S. aureus to mupirocin is currently 5% to 25.3%. Most of all, high-level mupirocin resistant strains, which cannot be controlled by mupirocin, have been increasing in prevalence. These strains are more clinically important 23 . As for fusidic acid, there was a report that a resistance rate to fusidic acid of 23.9% in 2006. Unfortunately, the recent study, published in 2016, has shown that the resistance has increased to a rate of 44.0% 24 .
Now it has become to be unavoidable to identify effective alternatives to these current topical antibiotics, to which microbial pathogens have continued to evolve resistances. Hence, the regulatory approvals of antimicrobial agents over the past several years, such as daptomycin, retapamulin and fidaxomicin, can represent the beginning of a new modern antibiotic period 5 .
In that regard, Korean investigators suggested in their recently-published studies that retapamulin was highly active in vitro against Korean clinical isolates of high-level mupirocin-and methicillin-resistant S. aureus (MRSA) with different genetic backgrounds 24 . And there was another similar report about retapamulin and its antimicrobial susceptibility patterns. Researchers in USA also proposed that although the use of mupirocin has been the standard therapy for decolonization practices as of now, the activity of retapamulin could warrant its consideration as an alternative therapy in MRSA decolonization regimens 25 .
The results from this PMS study for topical retapamulin in Korea, obtained during the re-examination period of retapamulin, did not reveal any crucial issues that could affect the drug safety and efficacy. Application site reactions were one of the most frequently reported AEs with retapamulin. In addition, irritation, pruritus, paraesthesia and pain were also observed during study period. In most the trials, including this large retapamulin PMS study, these AEs were actually reported by less than 2% to 3% of total patients [17] [18] [19] [20] 26 . In total, AEs and ADRs were recorded for 2.53% and 0.97% of patients, respectively. And the most frequently reported AE and ADR were 'Pruritus'. Unexpected AEs and ADRs were also recorded for less than 2% of patients. And, only 0.28% of total patients reported SAEs and no patients experienced SADR during this study period. Based on this safety result, retapamulin can be regarded as being well-tolerated for superficial skin infection (representatively, impetigo or infected small lacerations, abrasions, or sutured wounds) in real life practices. Additionally, in this PMS study, we could roughly see that the effectiveness rate of retapamulin treatment in Korea was very high, 96.1% (1,697 of total 1,765 subjects).
However, there are some limitations in this study in terms of assessment of drug safety and effectiveness in a real practice. Firstly, it should be considered that we could reliably detect only a small fraction of the range of possible drug-related events without controlled groups. Secondly, 1,829 subjects out of 3,594 in the safety population could not be assessed for effectiveness due to the follow-up loss.
The incomplete result data due to those subjects, who were not assessed for effectiveness, may have induced withdrawal bias. Topical retapamulin can be considered safe and effective in its approved treatment indications of Korea. And, for more accurate understanding of retapamulin in this country, it would be helpful to continue a close monitoring for an AE incidence and its relationship with this topical agent in the future.
